In this paper we explore different techniques that allow the user to direct interactive evolutionary search. Broadening interaction beyond simple evaluation increases the amount of feedback and bias a user can apply to the search. Increased feedback will have the effect of directing the algorithm to more fruitful areas of the search space. This paper examines whether additional feedback from the user can be a benefit to the problem of evolutionary design. We find that the interface between the user and the search space plays a vital role in this process.
INTRODUCTION
Interaction was introduced to Evolutionary Algorithms (EA) for problems where no objective fitness function could be found. This allowed EAs to tackle problems that were aesthetic in nature. Traditional interactive evolutionary computation limited the users input to that of a fitness function, evaluation. The limited number of evaluations a user is capable of means that it forms a bottleneck for the evolutionary algorithm. There is an additional burden on the algorithm to intuit what the user actually desired from their selections. Our approach makes the assumption that when a user finds a design they like that they want to explore that area of the search space. Introducing a bias has been shown to improve evolutionary search [5] . Selectively applying an operator allows the user to bias the search toward exploring a specific area of the search space, depending on the locality of the operator. To enable the users to do this we allow them to apply mutation operators directly to the individuals. An extended version of this paper is also available [2] . This work is based on operators that are capable of varying degrees of locality [1] . Our approach implements a novel interface for allowing the user to direct the search using mutation and we use both preexisting and newly created metrics to evaluate the results at different phenotypic levels. We will now explore if these can aid an evolutionary design process.
GRAMMATICAL EVOLUTION
To evolve architecture we required a technique to generate evolvable shapes. We used a shape grammar in conjunction with Grammatical Evolution to accomplish this. Grammatical Evolution is an evolutionary algorithm that is a grammar based form of GP [3] . It differs from standard GP by replacing the parse-tree based structure of GP with a linear genome. It generates programs by using a list of integers to select rules from the grammar which are then applied to generate a program. The chromosome is made up of codons. Each codon in the string is used to select a production rule from a Backus Naur Form (BNF) grammar. The BNF represents a language in the form of production rules. Each rule is comprised of non-terminals that map to either terminals, non-terminals or both, depending on the production rules. By iterating through the codons the BNF rules are applied and a derivation tree is built. This in turn generates a string from the grammar which represents the program.
EXPERIMENTAL SETUP
The goal of the experiment is to compare whether separating mutation events allows the user to navigate the search space more efficiently. This experiment was run using Architype, an interactive design generation tool based on GE. Architype provides an interface for selecting designs for mutation or crossover. There is a target bridge on the right hand side and nine bridges to select from on the left hand side. When the user selects a bridge, their choice is saved in a green box in the top left frame and 8 mutated variations are made of it. The user can keep selecting bridges until they think they have matched the target. Twenty four volunteers participated in this experiment and the experiment itself was approved by the Ethics Committee in UCD. The subjective nature of aesthetics makes evolutionary design search a difficult area to quantify. Instead of asking the user to find a design that they like, we specify a target design that they must evolve towards.
The aim of the experiment is to compare standard integer mutation against a combination of nodal and structural mutation. There is no crossover or selection used in this ex-periment. All variants are created exclusively by mutation events. The mutation operators do not work probabilistically, instead they select a codon from within the coding region of the genome and increment it by one. As a codon is only used when choosing between rules, incrementing it by one means that it will always encode for a new rule, thus ensuring a genomic change in the individual. It also means that the hamming distance between mutation events is exactly one.
The user was allowed two trial runs to familiarise themselves with the interface and the different effects of the mutation operators. Finally, after completion of the trial the user was asked to complete six experiments. The first three of the experiments used integer mutation to match three targets and the next three experiments used nodal and structural mutation to match the same three targets. A fixed random seed was used for each experiment so that all participants would be presented with the same initial designs. The time of each selection and the individual selected were recorded. The user had a time limit of five minutes to complete each task. Upon completion of the experiment the user was presented with every selection they had made and was asked to select the design that most closely matched the target. After completion of the experiment, the participant was asked to complete a short survey. The survey may be viewed online at [4].
DISCUSSION
The results obtained proved the Null hypothesis, that the user is unable to direct search using interactive Operators and selection. This is a highly contentious conclusion to draw as many years of interactive evolutionary computation studies have shown the opposite. If this is not the case then there are two possible causes for the results.
Choice of Metrics
How a human evaluates the similarity of two designs is a subjective measurement. Our survey showed that users often based how similar they found bridges on individual features or parts of the design, such as the handrail or the curve of the walkway. While the metrics comparing bridges at earlier stages of the mapping process (tree edit and Levenstein distance) would have great difficulty recording small changes on components, Euclidean distance should have recorded some improvement. While the metrics are not perfect and human selection is subjective, some improvement should have been detectable.
Methodology
The experiment was constructed so as to facilitate precise logging of input. Pilot studies were completed to ensure the interface was usable and that certain concerns were addressed such as saving previous designs and allowing a single design to be repeatedly mutated. What was not addressed is the question of how to best facilitate the user's exploration of the search space. On average, a user made 17 selections during the course of an experiment. This equates to a hamming distance of 17 from their original selection. To assume that a significant improvement could be made in this short distance was optimistic.
Although the design selections were presented to the users at the end of the run, many were frustrated by the inability to go back to a good design. By forcing the user to follow a specific evolutionary path, our experiment severely limited the user and added to their frustration when they "lost" a good design.
The grammar also complicated what was already a difficult task. Several participants complained of identical bridges being generated. This was the result of very small changes being made to the Bezier curve defining either the handrail or the walkway. Such changes fall below the threshold of a Just Noticable Difference (JND). JND is a concept from cognitive psychology that was developed by the founder of psychophysics, Ernst Heinrich Weber. JND is the smallest difference between two stimuli that is still capable of being perceived. The lack of what the user perceived as new variations also hindered them in completing the task.
CONCLUSIONS AND FUTURE WORK
In this paper we explored the application of novel mutation operators by the user. We discussed locality at different stages of the GE mapping process and examined whether this could have a beneficial effect on search. While the survey showed that the user's found a clear difference between the operators, the distance metrics showed no evidence of this being beneficial to search. As shown in the discussion section, this is the result of our approach to the interface.
It became clear from this experiment that allowing the user to apply the operators is not enough, the user has to be able to interact with the search space in a meaningful way. After the feedback we received and our analysis of the results, we intend to re-implement the interface to allow the user to explore the search space more efficiently. We also intend to examine whether the metrics adequately reflect similarity and locality.
